Friction 
I. INTRODUCTION
Friction stir processing (FSP) is an emerging surface engineering technology, developed on the basic principles of friction stir welding (FSW), which can provide localized microstructure modification in near surface layers of processed materials. A rotating tool consisting of a shoulder and a pin is plunged into a work piece and then travels in an expected direction. The tool serves two primary functions, heating and deformation of a material. The material in FSP zone undergoes extreme levels of plastic deformation and thermal exposure, which normally results in significant microstructural refinement and homogeneity of the processed zone, thereby improving strength, wear property, corrosion resistance and so on. The technology of FSP essentially provides a high integrity smooth repair of shallow surface defects. Compared with conventional weld repair methods, this technology can offer advantages for online application particularly in terms of its lower risk of through wall penetration? Friction stir processing is a solid state coating process based on the plastic deformation of a metallic consumable rod. As depicted in Fig. 1 , a rotating rod is pressed against the substrate under an applied axial load. Frictional heat generates a visco-plastic boundary layer at the rod tip. The pressure and temperature conditions lead to an inter diffusion process resulting in a metallic bond between the plasticized material and the substrate. Heat conduction into the substrate enables this layer to consolidate near the bonded interface, and as such, the visco-plastic shearing interface is formed between the rotating consumable rod and the deposited layer.
With the on-going heat conduction, this visco-plastic shearing interface moves away from the substrate surface, increasing the thickness of the layer. By applying a travelling movement, the visco-plastic material is deposited onto the substrate surface in a continuous process. Note that FSP relies solely on inter-facial friction and plastic deformation for heat source, allowing to process materials at temperatures below fusion. Giving the thermo-mechanical process experienced, a continuous layer of fine grained microstructures is deposited, from the progressive consumption of the rod. The process is also known by the generation of a revolving flash of material at the rod tip, giving it a characteristic mushroomshaped geometry. 
II. MATERIALS AND METHODS
A low carbon steel plate with nominal chemical composition was used as the substrate material. The workpiece was prepared with thickness, width, length of 10, 120 and 250 mm, respectively. A groove was made in a straight line along the middle length of the workpiece with its width and depth of 2 and 2 mm, respectively. The grove of the workpiece was filled with AISI 304 stainless steel powder (with average particle size of 45 µm) before FSP experiment. The tungsten carbide tool was fabricated with a shoulder and pin diameter of 25 and 6 mm, respectively. The pin length used was 2.7 mm. Friction stir processing on the substrate was carried out using a tool rotation, traverse speed and normal force of 1000 rpm, 63 mm/min and 10 kN, respectively. Process parameters such as tool rotation, traverse speed, normal force and groove dimensions were selected according to detailed literature review. Fig. 2 shows the actual FSP experimental setup developed on the milling machine.
Fig.2. Experimental setup for FSP
Bend test was performed on the specimens which were cut out from the processed substrate to calculate the flexural strength and flexural modulus of the coated substrate. The three point bend test performed and specimen size were according to the ASTM E290 standard. To check the compressive and tensile flexural strength, internal as well as external three point bend test was performed. Also Finite element analysis of the plate was carried out. The specifications of the test and specimen were, distance between lower supports(c) = 65 mm, roller diameter(r) = 10 mm, specimen thickness (t) = 4.5 mm, width (w) = 9 mm and length (l) = 90 mm. Fig. 3 shows the three point bend test experiment.
Fig.3. Experimental Three Point Bend Test
Wear test was conducted using a pin on disk tribometer. Most requirements of ASTM standard G99-04 were followed. Cylindrical pin specimens wih diameter of 10 mm were made from as received low carbon steel and fabricated surface layer. The counter part disks were made of 100Cr6 (AISI 52100) steel with hardness value of about 60 HRC. Sliding track dimensions on the disk surface was 40 mm. before wear test, each pin specimen was ground down to 1000 grit abrasive paper. Wear test were performed under dey silding condtitons using sliding velocity of 2 m/s. A constant load of 40 N was applied. Both pin specimens were cleaned in acetone & weighed to an accuracy of 0.1 mg prior to testing and at different sliding distances during the test.
Wear test was performed to compare the wear rate and wear resistance of coated and uncoated side of the substrate. Fig. 4 shows the experimental wear test.
Fig.4. Expermental Wear Test on Pin-on-Disk Tribometer
Modal analysis of the coated plated was done to find out the natural frequencies and compare the same with the uncoated plate. To calculate the natural frequencies of the friction stir processed plate.
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Modal analysis is used to get natural frequency of the model. And mode shapes derived from modal analysis will give rough idea about how model behave in certain conditions. Abaqus was used as a FEA tool to calculate the natural frequencies of the plate. It is the study of the dynamic properties of structures under vibration excitation. Under free-free vibration condition fundamental frequencies of vibrations are calculated. 
III. RESULTS AND DISCUSSIONS

A. Bend Test
The bend test was performed on the two specimens, on one internal bend test and on other external bend test was performed. Load vs. Deformation curve were obtained from the test and from which peak load and peak deformation were determined thus flexural strength and flexural modulus of the processed plate were calculated. Finite element analysis of the plate was also done in Abaqus and the results were compared. Fig. 6 and Fig. 7 show the load vs. deformation curve of external and internal bend test respectively. Also the Table 1 shows the comparison of experimental and FEA value of flexural strength. Table 2 shows the experimental value of flexural modulus of the plate during internal and external bend test. The peak load and Peak deformation for the external bend test are 1813 N and 9.7 mm respectively, and for internal bend test are 1990 N and 10.5 mm. 
B. Wear Test
The weight loss data as a function of sliding distance against disks of 100Cr6 (AISI 52100) steel is shown in Fig. For the as-received low carbon steel and stainless steel coating pin specimen. In both cases, the wear volume loss value increased with sliding distance. Table 2 shows the wear volume loss and wear resistance values. It is clearly seen from the table that the volume loss of coated side is 3 to 5 times less than the volume loss of uncoated side as well as the wear resistance of the coated side is higher by the same factor. These results can be attributed to the hardening of the material due to intense localized deformation. 
Sam
C. Modal Analysis
Free-free vibration analysis was performed to get the natural frequencies. Using the modal analysis natural frequencies of processed and unprocessed plate were found out. Table 4 shows the result of the first fundamental natural frequency for the processed and unprocessed plate. The increase in the value of the natural frequency of he processed plate can be attributed to the residual stresses introduced in the plate while processing. IV. CONCLUSIONS In this investigation stainless surface layer was successfully fabricated by introduction of AISI 304 stainless steel powder into the stir zone using friction stir processing. Mechanical studies of the FSPed substrate with and without coating can be summarized as follows. Bend Test results show that compressive flexural strength of the plate is higher than tensile flexural strength. Also the flexural modulus of the coating side is less than uncoated side which shows that the coated layer is less ductile. Wear test results shows the improvement in the wear resistance of the coated side as compared to uncoated side and it is 3 to 5 times of that of uncoated side. Modal Analysis shows that the first fundamental Frequency of Stainless steel coated plate is higher than steel coated plate which implies that there are residual stresses in the plate, introduced while friction stir processing the plate.
